Genetic information encoded by DNA is organized in a complex and highly regulated chromatin structure. Each chromosome occupies a specific territory, that may change according to stage of development or cell cycle. Gene expression can occur in specialized transcriptional factories where chromatin segments may loop out from various chromosome territories, leading to co-localization of DNA segments which may exist on different chromosomes or far apart on the same chromosome. The Associated Chromosome Trap (ACT) assay provides an effective methodology to identify these long-range DNA associations in an unbiased fashion by extending and modifying the chromosome conformation capture technique. The ACT assay makes it possible for us to investigate mechanisms of transcriptional regulation in trans, and can help explain the relationship of nuclear architecture to gene expression in normal physiology and during disease states.
P-dCTP is added to 100 μl of 3 x Klen Taq DNA polymerase I cocktail before PCR amplification. The thermal cycle for a hot start PCR is 72°C for 2 min, 95° Cfor 2 minutes; 18 cycles of 95°C for 20 seconds, 65°C for 40 seconds, and 72°C for 1 minute; the final extension is performed at 72°C for 5 minutes. 3. Purify the first round PCR products using a QIAquick PCR Purification kit, and elute DNA in 30 μl of sterile distilled water. 4. Take 1 μl of 100 x diluted first PCR product to perform a second round of PCR using nested primers by adding 1 μl of 20 μM ABL-1 specific primer #4626 (5'-ggagaatttttatctgcctctgtga-3') ( Figure 1a ),1 μl of 20 μM of linker specific primer #2961 (5'-gtcgttagcggacacagggcgattc-3'), 3 μl of 3 x Klen Taq DNA polymerase I cocktail and 3 μl of sterile distilled water. The thermal cycling schedule is 25 cycles of 95°C for 20 seconds, 67°C for 40 seconds, and 72°C for 1 minute, followed by extension at 72°C for 5 minutes. 5. Visualize the PCR products by running a 5% urea-PAGE gel and scanning the exposed screen in a PhosphoImager (Figure 1b) . Each PCR band can be recycled from the gel by dissolving the gel strips in an Eppendorf tube containing 60 μl of sterile distilled water, and incubating at 95°C for 5 minutes. Centrifuge briefly at 10,000 rpm for 10 sec to collect all the samples. Remove 1 μl to use as the DNA template to perform PCR with the primer pair 2961/4626 using the same conditions as described above. Sequence analysis can be performed after purification using a QIAquick PCR Purification kit. 6. DNA sequences are analyzed using an online tool to determine their chromosomal location at the web site:http://genome.ucsc.edu( Figure  1c ). Click 'BLAT' to enter a new window which allows to paste a DNA sequence, a new window appears after clicking 'submit', and shows the 'BLAT Search Results'. Click 'browser' of the hit with 100% identity to enter a next window to show the location of the DNA sequence.
Representative Results

ACT assay using ABL-1 region as bait to determine its long range DNA interactions
As illustrated in Figure 1a , two Bgl II sites and one BamH I site were chosen for the ACT assay. In the second round of PCR, primer set 4626/2961 was used to amplify ABL-M1, 4630/2961 was used for ABL-M2, and 4636/2961 was used for ABL-M3. A typical gel pattern shows one to several bands ( Figure 1b) . Each fragment from an ACT assay consists of two combined DNA segments: one segment is derived from the bait DNA region, while the second segment comes from the associated partner, which was joined to the bait region segment by the first restriction enzyme recognition sequence. The second enzyme recognition sequence will appear at the end of the associated partner sequence (Figure 1c ). The cloned ABL-M1 fragment contains DNA from the region of ABL1 located at chromosome 9q32.4 from +133,592,306-133,592,399, and the associated partner is located at chromosome 3p13 from +71,869,882-71,870,107. The identities of the associated partners are discovered by blasting their sequences using the UCSC genome browser (GRCh7/hg19 released in February, 2009). PROK2 was identified as the associated partner at the chr3p13 locus. 
Discussion
Dekker et al. developed the chromosome conformation capture (3C) approach to detect the frequency of interaction between two genomic loci 1 , and 3C has been used extensively to investigate intra-chromosomal and inter-chromosomal associations between two known DNA regions in mammalian cells [2] [3] [4] [5] [6] [7] [8] [9] . Although newly developed Hi-C methodology can be applied for study of genome-wide DNA association, ACT assay is still an effective technique for study of locus-specific DNA interaction [10] [11] . We have modified this approach to identify unknown DNA regions that are associated with a known DNA region in cultured mouse and human cells (Figure 1 ). We named this method the associated chromosome trap (ACT) assay, as it provided us a reliable and reproducible method to identify novel unknown DNA partners that associate with a known target DNA region 12 . A successful 3C assay with appropriate controls is performed before executing the novel aspects of the ACT assay 13 . In order tofind as many associated DNA regions as possible, it is necessary to use various combinations of first and second restriction enzymes.
It is especially important to use restriction enzymes that are insensitive to CpG methylation to perform the first 3C ligation step. Protein binding and DNA methylation can also influence restriction enzyme digestion efficiency and can lead to failure of ligation of the associated DNA regions for certain restriction enzyme digestions. The occurrence of intra-or inter-chromosomal ligation depends on protein-DNA cross-linking and appropriate physical maps of both of the associated DNA regions. Thus, some preliminary experiments are essential to establish a practicable effective formaldehyde concentration and treatment time in the ACT assay. A range of final concentrations of formaldehyde (from1.5% to 2%) have been used in several labs during the 3C portion of the assay 7, 9 . Alternatively, the oligonucleotides used as linkers can be designed to match the cohesive end cut by the second restriction enzyme. Although we found that 18-20 cycles in the first round of PCR and 20-25 cycles in the second round of PCR could provide clear bands, it is necessary to establish the best PCR conditions for each experiment (Figure 2) .Intramolecule annealing between 5'-end and 3'-end complementary adaptor sequence of a DNA strand may occur in PCR, it inhibits adaptor-specific primer annealing with the DNA molecule, and resulted in much lower amplification efficiency in the first several cycles. After the target DNA was amplified for cycles, its amount may be much larger than these nonspecific reactions, and may facilitate the competition of primer annealing to the target DNA molecules. This is also why we may see background amplification, and why the first round PCR product has to be diluted to decrease background amplification.It is important to remove excess primers from the PCR reaction in order to decrease the background in the second round of PCR. As in all PCR-based experiments, it is vital to design primers that are not located in repeat sequence regions, which constitute the majority of human and mouse DNA. Although newly developed Hi-C methodology can be applied for study of genome-wide DNA association, ACT assay is still an effective technique for study of locus-specific DNA interaction.
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